CA2 0N 
EV. §06 



m 




^^^M4-^4e/' jdo^^i 3o6f^ 



i^^/zpc- 



^^.'Unllkf'Qc^ 




:o ■ '; ^1^. y 



THE EFFECT OF SODIUM FLUOBIDE 
ON THE 
GROWTH AND SUB¥I¥AL 

OF som 

BilCTEHIAL SPECIES 
IIFOBTANT IN MATEl QUALITY MEASUBEMllT 



OCT 2 196 




DIVISION OF BESEAHCl 
OlTAfilO MATIB BESOUBCES GOMMISSIOli 



Aiii:ast, 1966 



B.P. 2006 



Copyright Provisions and Restrictions on Copying: 

This Ontario Ministry of the Environment work is protected by Crown copyright 
(unless othenvise indicated), which is held by the Queen's Printer for Ontario. It 
may be reproduced for non-commercial purposes if credit is given and Crown 
copyright is acknowledged. 

It may not be reproduced, in all or in part, for any commercial purpose except 
under a licence from the Queen's Printer for Ontario. 

For information on reproducing Government of Ontario works, please contact 
ServiceOntario Publications at copyrisht(a),ontario.ca 



THE EFFECT OF SODIUM FLUORIDE 

on the 

GROWTH AND SURVIVAL 

of some 

BACTEtilAL SPECIES 

IMPORTANT IN WATER QUALITY MEASUREMENT 



By J 
A. H. Vajdlc 
August, 1966 



Division of Research 
Paper No. 2006 



A. J, Haxrls 
Director 






Dr. J, A. Vance D, S, C^verly 

Chairman GeneMil Manager 

The Ontario Water Resources Commission 



-1- 

INTRODUCTION 

Although studies O'li, the effect of fluoride Ions have 
been carried out with fish and lobsters (l,7jlO) using concentrations 
up to 200 ppm, there appear to be few documented reports regarding 
their effect on the bacterial population in water, Kniznikov 
(4) completed an investigation with the intestinal dysentery 
bacteria and repoxted that fluorine in quantities normally fo^und 
in drinking water, had no effect on the metabolism, morphology 
or antigenicity of the organisms over an extended period of 
time. However, with the greater use of reclaimed waste waters, 
fluoride concentrations could conceivably increase significantly. 
The object oT this study was therefore to^ determine the effects 
of various concentrations of sodium fluoride upon the growth and 
survival of several species of bacteria, nafliely Escherichia (E, ) 
coll, Pseudomonas (Ps.) fluorescens and Enterococcus (faecal 
streptococcus). These are Indicator organisms and thus of 
prime importance in the determination of water quality. 
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MATERIALS AND METHODS 



Kedla DifGO Bacto Nutrient agar, Mutrlent broth antl 
Irjptone Glueose Extract agar, prepared according to directions, 
were empl oyed • 

Davis medium (3), was slightly modified and prepared 
as follows: K2HPO.-7 gm,, KHgPO.-J gm*, sodium citrate 3H2O-O.5 gffl., 
MgSO, .7H^0-0.1 gm.j (NHJ„S0.-1 gm., dlssolTred in 900 ml* 
distilled water and autoclaved at 15 psl. for 15 minutes, after 
adjusting the pH to 7,0 with N/10 NaOH, aiucose (2 gm.) was 
added to 100 ml, distilled water and autoclaved ^t 15 psi for 1^) 
ffiinutes. The two solutions were mixed aseptically before dispensing 
the mediuin in the required amounts into sterile containers. 

The sodium fluoride was made up as stock solutions 
eontaining 1 gm. or 0.1 gm. sodium fluoride per 100 ml, distilled 
water. The solutions were autoclaved at 15 psi. for 15 minutes 
and were added aseptically to the media prior to use, to give 
the required sodium fluoride concentration. After autoolaving, 
the sodium fluoride concentration in the solutions was checked 
by standard chemical means and found to be correct. The sodium 
fluoride was added to nutrient broth or Davis medium in the 
growth experiments, and to distilled water for the determinations 
of the viability on storage. 

For all experiments, 30 ml, of test medium was added 
to a 50 ml , -capacity, screw-cap culture tube. 
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Culture s The strains of E.coll, Ps.fluorescens and 
Enterococcus were obtained from the Bacteriology Branch of the 
Laboratory Division of the OWRG, having been originally Isolated 
froiD routine water samples. They were maintained on nutrient 
agar slopes (E.coli and Ps.fluorescens), or tryptone glucose 
extract agar slopes (Enterococcus), grown aerobically at room 
temperature. Cells for the experiments were grown in nutrient 

broth, inoculated from a slant culture grown for 24 hours at 

■ , 'O , 
35 G» Inocula were adjusted by dilution to the required level, 

by reference to a curve relating the turbidity of a culture to 

the number of organisms per ml.; turbidity was measured as percent 

transmittance of the culture in a Spectronic 20 (Bausch A- Lomb) 

spectrophotometer at 550 ^ , coEpared to a control of medium 

ooiitaining no cells. The viable number was determined by 

plate count (11) using nutrient agar. 



EXPEHIl^ENTAL 



The effect of sodi u m fluoride on prowth The effect 

of sodium fluoride concentrations of 1,5,10,50,100 and 200 ppm. 

7 
on the growth of equal Inooula (10 cells per culture) In broth^ 

was deteriEined in terms of turbidity compared to a control 

culture containing no sodium fluoride. Three separate cultures 

were set up for e^ch nrs-snlsm, at each test concentr^-ttion, and 

mepjsurements wsro rapide after -i^rowth at 55 C for 2^■ and 48 hours. 

Another complete set of tests was carried out using room 

temperature incubation. 

At the same time as turbidometric measurements were 
made, the cells in each culture were checked m.orphologically 
by preparing slides and staining with Gram's stain. 

Since the fluoride ions may be inactivated by 
combination with organic constituents in the troth medium, a 
mineral medium (Davis), capable of supporting the growth of 
3. coll and Ps . f T uorescens was also employed. In this case, 
sodium fluoride concentrations of 5 , 50,<irOO,600 sn6 800 ppm 

were tested in the same w«y n^ before, but Incubating duplicate 

o 
cultures at 35 C oni/; the control tubes contnined no added 

fluoride. The morphology of all cultures was also determined 

after 48 hours. 
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The effect of sodium fluoride on viability Approximately 
equal numlbers (to jleld about 10 cells per ml.) of the three 
species were Inoculated Into separate series of distilled water 
tubes containing 1,5,10,50,100 and 200 ppm sodium fluoride. 
At nonthly inter'vals, the number of viable bacteria remaining 
at each fluoride level was determined by plate count. The 
morphology of the colonies and cells grown in the plate counts 
was examined. The vlaMltty of cells in the various test solutions 
was thus compared to that In controls, which contained no sodluni 
fluoride. The complete test was carried out in duplicate. 
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RESULTS MP DISCUSSION 

The effect of irarloiis oonoeiit rat Ions of sodium fluoride 
on the growth of bacteria in nutrient broth after 48 hours is 
shown in Table 1, Although fluoride ions are reported to inhibit 
respiratory enzymes, at least in the higher plants (5), there 
was no significant difference observed between the growth of 
cultures containing sodium fluoride and corresponding eontrol 
tubes, at either of the growth temperatures employed after growth 
for 48 hours. Also, there appeared to be no morphological difference 
between control cultures and cells grown in the presence of 
sodium fluoride J furthewaoTe, there was no change in the Gram 
reaction of any of the cultures. 

It is possible that the cells grovm lii the presence 
of fluoride ions may have differed metabolically from those in 
the control cultures, but no biochemical studies were undertaken. 

In the mineral medium, significantly less growth occurred 
at 48 hours, only at levels of sodium fluoride approaohing 800 
ppm (Table 2.) However, morphologically Identical cells were 
harvested from all tubes. It is Interesting to note (6), that 
sodium fluoride in amounts approximating to 400 ppm had no 
Inhibiting effect on the basal metabolism of oral flora under 
aerobic conditions j however, anaerobicallyi a 405^ inhibition 
of basal metabolism occurred. 

When the viability of the bacterial cells in the 
various concentrations of sodium fluoride was compared to that 
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In the controls, no significant difference was found pfter 4 
months storage, even at 200 ppm (Table 3)* The morphology of 
the colonies and cells grown from the tuhes at various times, 
was apparently normal, although this could have been 3ue to a 
raverf^lon occuring on transfer to normal medium. 
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TABLE 1 
Transmittance of broth cultures of E.coli, Ps.fluorescens 
and Snterococcus sfter growth for 48 hours at 35 C or room 
temperature, in the presence of Vfjrious ^mounts of sodium fluoride 





Percent Transmittance 


Cone. KaFl 
ppm 


E.co 


11 ^ 
35°G 


Ps.fluorescens 
HT ' 35 °C 


Enterococcus 
fiT • 35°C 


(Control) 


20 ' 


5.5 


\ 

20 , 4 


68 ' 60 


1 


5° > 


0**^ 


16 1 


67 1 60 


^ 


33 


4.5 


18 \ 2 


68 62 


10 


23 ' 





12 1 1 


68 1 61 


50 


27 ' 

j 


4 


9 1 4 


67 1 62 


100 


28 , 


3.5 


13 ' 7 
1 


69 ' 64 


200 


30 1 
1 


2.0 


n 1 4 


63 1 67 



* room temperature 
** the results are the means of 3 culture? 
*** turbidity of culture beyond the limits of 
measurement 
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TABLE 2 
Trans mi ttaJice of cultures of E.coll and Ps.f luorescens 
grown In Davis medium for 48 hours at 35 C in the presence of 
various amounts of sodium fluoride. 



Cone. iMaFl 
ppm 


Percent Transmlttance 


E.coli 


Ps.fluorescens 


i i 

5 i 

50 

200 

600 

800 


# i 
55 i 


m 

m 

IS 



* the results are the means of duplicate 
cultures. 
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TA BLE 3 
Bacteria Survl¥lng in distilled water containing 200 
ppm sodium fluoride after storage at room temperature for periods 
up to 4 months. 



Time of 


E. 


coll 


Ps.Flucrescens 


Enterococcus 














Sample 


Control 


200ppmNaPl 


Control 


200ppmNaPl 


Control 


200ppmNafl 


Initial 


1.3x10^* 


1.3x10^ 


1.4x10^ 


1.4x10^ 


5.3x10^ 


5.3x10 


1 Month 


1.2xlo'^ 


9.2x10^ 


7 
1.9x10 


6 
8.4x10 


3.3x10-^ 


2 
2.0x10 


2 Months 


l.lxio'^ 


6.8x10 


1.6x10 


l.lxlO*^ 


7.6x10^ 


3.0x10 


3 Months 


3.4x10^ 


5.3x10^ 


6 
7.7x10 


1 

9.6x10 


1 
6.5x10 


1 
1.0x10 


4 Months 


9.7x10 


5 
3.2x10 


3.6x10 


6 
3.7x10 


6.0x10"^ 


1.2x10^ 



* the results are the means of duplicate tubes. 
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CONGLUSIQNS 

Sodium fluoride has no effect on the growth, morphology 
or viability of the three species of bacteria, except possibly 
at concentrations approaching 800 ppm. Since this concentration 
Is fa.r in excess of any expected In natural or treated waters, 
even if the recycling of waste waters were carried out repeatedly, 
it is unlikely that the fluoridation of water would have any 
direct effect on the bacteria used as indicators of water quality. 

Several other interesting points emerge from this 
study. When the distilled water systems were inoculated, a 
small amount of organic material would have been added. After 
the first week of storage, both E.coli and Ps.fluorescens showed 
an Increase in numbers over those originally added (approximately 
10 times). Over the same period of time the numbers of Enterococci 
had already decreased; this is in accord with the findings of 
Slanetz and Hartley (9), when Enterococci did not Increase In 
numbers in water (sea water) containing organic matter, whereas 
Ps.fluorescens and E.coli did multiply. Other studies (12) 
have demonstrated multiplication of E.coli in the presence of 
very low concentrations of organic materials in water. This 
aultipllcation could lead to erroneously high estimates of the 
pollution in such waters, if either of these organisms were 
used as an indicator. 



Furthermore, Ps.f luorescens and E.coll numbers, after 
four months, had scarcely fallen below their original level, 
whereas Enterococci had decreased to less than 100 organisms 
per ml. during the same time. Snterococci are thus not good 
indicators of distant or previous pollution; conversely, even 
if pollution were to occur for only a short period, or if it 
were intermittent, E.coli or Ps .fluorescens counts would give 
the Impression of continuous high level Dollution although the 
waters may be free of extraneous organic matter. The use of 
only one organism as an Indicator of pollution, as reported by 
other workers (8,2) may thus be of doubtful value, in the case 
of certain types of water samples. 
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